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(57) Abstract: A magnetic recording medium 
capable of restricting the effects of thermal agitation 
by simultaneously reducing an average grain size of 
magnetic crystal grains constituting a ferromagnetic 
metal film and their standard deviation without 
changing the film thickness of a metal substrate 
layer and the film thickness of a ferromagnetic 
metal layer forming a recording layer, a production 
method therefor, and a magnetic recording device. 
The magnetic recording medium comprises a 
ferromagnetic metal layer consisting of a cobalt base 
alloy formed on a base material via a metal substrate 
layer mainly consisting of chromium, characterized 
in that a seed layer containing at least tungsten is 
provided between the base material and the metal 
substrate layer and the seed layer is a island-form 
film. The above structure requires that the seed layer 
preferably contain chromium in addition to tungsten. 
The production method for the medium comprises an 
intermediate processing step consisting of a process 
D of dry-etching the base material and a process S of 
depositing the seed layer on the base material. 
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±IE (d) -eft, !2(7)IgD (K7-fx- 7 fy^) ^^DiSrtt', ft^v- 

-Kii 2coff^^nt7 (igs) cfcmm^mf?-tz>ttm<&}%& t> ^< 

±!E (e) -Cft, ±IBl2 0IgD (K7-fx-^y^) <D&iC £bKM2 
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fEMft: ^^^^Ittt^nS m^m^l^ <7> & # & Id & L o o fc 5 „ Z 

m%3it Lfz&&frtbftz&mm 1 1 b t^m^mm. 1 1 a 
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m m t z & s m m m x & m z n it & a & m m « ft * 3 o % ^ _b / j n $ & ^ 

-jRSCoxCryGe z^^il, MJtSr^tx, y, 7 8^x^8 

7, 2. 5 ^ y ^ 1 4 . 5, 3. 5 ^ z ^ 1 5 x x + y+ z = 100 ({£ U x , 
y, z f4H^%(^«t sm^feitSr^i-) ^ ^5 M#^vgfci-a^W^t4M^jSfflt-^ 
rit>-Ct5„ d <E> 3 5t^£^f£^m£flfm;£3§^#^#Ig¥ l l - l 3 5 0 
38f ( 1 9 9 9^5^140 fcUlg) *3 V ^ X^M b fe «9 . 

n. e> tb ft v % £ ft tz m fs. # £ *r -t- 5 t> <d x s> 5 „ 

# 38^1:1*5 ft 5$£^fE«f* 1 Ofi, ±3zfi bfc3£l&t£&JRJf 1 4 <7)fll® b, 

($»&^JgJfcDM^ : H c , M^ttiW : H k graiI \ gLteik&mtl : H c 
/Hk grai \ e B B B lM»Ku srai ") 

#!80§Mi3tt5 r&at£&JRS<Z>{fc*B;fc : H c J £f±, J»f^«cO££;'jf+ 
(Variable Sample Magnetometer, VSMt^) Srffl V^TlU^ b /c$£-fbftl!M> 

e>^*^is^o*tiK^t?fc5o reie»iMi#:Hkn tit. Mms. 
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u x &m.'\>k&mm £ ^ s m.nmmm*<Dm&. mmm \h xm 7£L±mx& 

5 0 Hk g ™li, Stoner-Wohlfarth JSf&i;: ±*Ui\ ^ft*fc^^^(C?3£^fi<J 

Tfejo, J. -G. Zhu and H. N. Bertram: Journal of Applied Physics, VOL.63, 1988, 

pp.3248 jute, %tm&&JB,m(r>Mfe4ki%mjJ&'ft^k o n £ te, &&'I£&JE*5 
^IS^fcSm-S ^iittMI©iWl* : Hc/Hk srain j %m 

tine*, ^^m.(Dm-^^.m.wu^^ n xm^tzm.xhK) , ^^KDmn^UiL 

Magnetization Reversal Mechanism Evaluated by Rotational Hysteresis Loss 
Analysis for the Thin Film Media" Migaku Takahashi, T. Shimatsu, M. Suekane, 
M. Miyamura, K. Yamaguchi and H. Yamasaki : IEEE TRANSACTIONS ON MAGNETICS, 
VOL.28, 1992, pp.3285 (^£tlTl^5 0 

^mm fd*3Jt 5 r^ngm^^-'ftK u crain j ttes m s t h k srain <^&- 1x2 
ttmftx & 5 £ mm & n & mmx & 3 „ 

ZtiZ>1fr±M&&tfbtiZ> 0 lift* fiSt£ a* iSi^fc = h ft£gf* wM3t t-^T 
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£Jt «fc <9 ^JE^fflMi^^T, & < £ 1 HI SX ±ft t> ti 5 , it IE S f* 3r Fir 

(i«nis) 

m7E<DM£m t Ltii, S^^^fi-cMffl ^titi^ 1 cr 7 Torr 



WO 00/74042 PCT/JP00/03436 

25 

(lifflS&IIg) 

3§ ^ I - # 5 ^ PfO #L S X fM «: , ±ft\s1t1ft![! ! mJLn\z&tf Zffife<DM£.St £ y 
iSV^JE^^ffl^C^*3V>T. ±fE(DfiJ^SX@^^x./ciS#:(C*j- Lt K7^fi-7f 

tuiExas cos^v-- ks i 2 ^ii^^its^^^ Ltfi, ^ j£ -rami 011 -c 
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Kg 1 2 ^ffiLfc. 

^E^]flMi*5J; 9 #^Aft^;#*#MjiJ£ ft ^^SUftiJ^ UTBffM 
i^fcSft: 1 1 £B§1-^ i I- J; <9 , 1 l w^Eic, 31 ^ iog£* £ , 

(c^^tt^f^. ^f^-a L/d ^> o ft ^ ?r{-tt? ^ Ltt) ctv\ ittc mrnrnm* 

coffin SrigillliSLia^f^lRl^^f^ffl^^btL 5 r t fi-g- o £-e<bfti\ 
±3* Lfc^^^SXfMwm'S-tiri Ltii, T <E> <£> a? *i£ tf £ *l 5 «, fIL, 

(1) DS|«^:ISD^ISS 

(2) S Dg£fr : X@S->XflD 

(3) DSOl*:IgD^IgS-IgO 

(4) SDOi*: IgS-lSD-»IgO 

(5) DOSl^:I|D-»IlO-»IiS 

(6) DOSDl*:IgD^IgO^IgS^IgD 

(7) DO SDOg£f£ : IgD-»IgO-»IgS->IgD^I|0 
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1 4 &M&i?ZZ>o 

ft<, ^mrnKfaZ 30CIIHJ; 5f@^iJoa^:^g ^{Cll^^^i^, ^CDtti^: 

(m^sxa) 

0»JTIi, &MT*t6Ji<£> Alette r * — >fy h ?iIMlI«MHttCo 
CrTa^^-^y hS:, ^ft^ftffl v\ fl^g A r ^'^ Lfc#ilt' 
# — >fy y izmMMJZ&EPW LX*;< y # V ^7'% ft l\ S{* 1 UCCr 
k&S&JETifeS i C o C r T a flU^ib ft § 3£fi£t£&JK S SrJiS# t^*H«ft £ it 5 

(T^JEdcl-teC o C r T a ^^-^y h £ ffl ^ — 0»J £ ^ L ^ s 2^|§P^(Df^ 

*&m-vm\<^x\^zmmi&<Dt&fc. -r^t>-tbmit 1 1 ±i:c r &^f%ftt-rz> 

5i&^!E»g£fo:-ef;i, ^JRTifeJi 1 3 ^fUj^-fS C r K^s ( 2 0 0 ) lEft U ^ 

<o±iz&m&&mm i 4&=-\?#*i'v/i'f$ l &i,x (no) la^u^^^^^ 
tsot', &mTmm 1 3<7)*£ifiiEftf£-cfco-c$u&t£&JSJi 1 4<DiarS]tt£H: 



WO 00/74042 PCT/JP00/03436 

28 

SS&ttilSP CT/JP 9 7/0 1 0 9 2 -i-^^fttC&^-CBS^ LfcS^tffeS , 1*1 

3§ 5 M3t^f M L T t & V > <75 ft^j f& 5 o 

#38 Kid #5 K7>f ^ ^^li LTfi, 0>Jx.fc£, ^m^T#£ ft #*J££IH! 
rtCf^tlfclfrl lH^tLT, S5JHi£ [WitfRF (radio frequency, 

13. 56MHz) ] ®»^«fl;J±£M-r3#fe, v>fc>#5SiJii&*^ 

t^mw i i (-r Fm^?rfnJPi-s*-&-etToy-c 0 Ar^'7)±iii~4o 

[mTorr] j$S#f*L<, flitf2 0 0 [W] ©RFt^]©i^, ^SW^tel — 
120 [#] WiEH^PjS^-rS t <fc V^o 
( -f n ir ^ # ^ ) 

*ISW{C*3ftS ri^l^Oy^ T^RIAPJ £fi, BSMfE&j&ft: 1 0 t LTC 
r TM 1 3^mmMl 4 Zmtft-TZtik. Sffcl l lc*f lthc^^^^t^sjee 
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® # 7 * ft ^ <z> ^ M m t£ S & (i , if ffi -e £ ft v \ 

(2)j&m&titzm&m<D&fam%:&m (m s ) ^trt§ o 

£tf> _hfS<£>SU^iC£&p;&s{g^4&^ (fi^Jxifi, l cr 6 ~i ck 7 To r r ■£ 

2ttm7Ltzmm-z, mmn-g.&fti 0- 7 [Torr] ^coj&jsi^-cskiii 4^ 
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i ^iLt^S N gfle i i .Lfc^^cD^- Kg 1 2 3rl&tt3 r iliitl, 
(gffc<£>*ffife£, Ra) 

J£%s t LXn, MX. l~£ RANKTAYLORHOBSON tt^TALYSTEP & ffl V ^ h tl 5 „ 

1 O^^y K^^®[WI±^^teSLt/11®J-r 5 (Contact Start Stop, CSS dr 

^IEi«{£ 1 0 fc^j-r5^*^^^ * £tiZ 0 itll s> K 

<£>j£_b4tfS % 2 inched ^-g- {4, R a = 6 nm~ 8 nmT* fo 5 „ 
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rtit*tLT, #3§i3f§(-$l5 "y— YWt 1 2 fi, M^Ra^7A (=0. 7 

in 3&MttMii 4 ^t^mm^mm-i, mw-^mtm^m^ 

iS^&s fb^Wft^ y^^^lct ^JS^^DUail^fi--^^ «fc ZJ?mti: 

✓ui\ ryv =; — ? j»&&giW.<F>%im\z.wivtit. (Ni-p) m^MLx, wmmo 

immUZ R a ri* 7 A (= 0 . 7nm) ] &^E(£{t±tf fcgffcSrffl 5 <£> 

^z&mK&zmnmmMfc 1 o ^*a^-iAA.-et*^^nfc =» ^ — * ©hd d 

^2 4 Hl^^i-<t 5 (C x ^MfS^^B 3 0 gfrgrft-f-^r — v-^^ 3 1 CO 

ftmz&%cft (i£ 2 4 EltC^-rM-Cte 5 fe) <D^|E»jK^ 1 O^S^^ — 3 2 
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fituiE^ K/v 3 3 (Dm^nt^wtn h^z> ttti-, 3 1 o^fis^ 

0 a** tr^ K/l^ 3 3©J3HI5 ^HJiSg^i £tlT^<5o 

tt 3 5 \z «t o -Cfufe^ K/v 2 3 £ 3Z?T{::3fct£ ^ftfcllUEte 3 6 tfsgfctt fbfr, 

r<z>iHite$6 3 6 Mi^*^ v^t-a 3 7 ^amts»^f*i ofiij^jsm-rs 

W5feSS(l!J{-ttH^tRJKron— FT- A 3 8 K 3 9 V) fl-tf 

tt^^&nTVSo iKS^* K 3 9 ttX-f y ??~7 — A 3 7 <D&mb t *>\z.m%& 

_bf2«^W^Mf2®iStt 3 0 (c*5V>-C, S£Mffi«#: 1 0 ^S^itS <h t h 
^4 ~y tf~T — J* 3 7 Sr^I&^-yr-C^^^y K 3 9 %m.m.mmMt$ l 0 _bcD{i 

m<v&m^&W]£-&xmnmm%foi o&mi&i-?>%tmte.&mm mnmum) 

1 4 izmn^^y K 3 9 <D3g£$-£fcBm&tfM! £-£5 CI <b -C*8£S51E®c&# 1 0 

\z.ffim<Dm%ftn&&ik'** — ^bLxm%&ttzk&x£z> 0 x^o? 

T — J* 3 7 Sr^Si^-arT^H^s/ K 3 9 £B£Mffi«#: 1 0 _h<7)f£ IcOtegK: 

%m%^v K3 9x&&^% z kxm%mm.<Dm^&is%ft o zk&x%z> 0 
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fS^igfi 3 0 (DrtSBflS^E- — * 3 4 <Dm^§:nX^ 0ijx.fi, 1 0 0t^ii5H^ 

m 5 * x t 

(H»J) 

J^TK: £ ff T #38 0^ £ J: <9 P Jjffl 93 6 ti$ . #SS 93 & ^ ti h MMW 

(^SifetfiJ l ) : DSII 

/£<n^>^Ty (w) ^tftsitv- vm*mrt%$)$k$:mm-tz>ti 

mW (M# ILC3013 :o-Kn y ?&&±#fam.) X ib <0 , 3lX (DM^f- 
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fg i m 





1£ £ M 


. "g" /nt- ^ -I--4- >g? 


A 1 -M g [Iff 10/xm<D(Ni— P) 

8 9 mm, 7* W * ^ 

R a : 7 AJ^T 


• 7" n -fe x 13 * 


1 U Li Oil J pa KK 1 ViE-32.C ol B J L-' / 

Ar (^*E^J»S : 5ppmJ^T) 


• A r jf^B 


5 im 

2 [mTorr] 
9 n n Twl 

Ci \J \J L W J 

2 0 0 [°C] 


• A r -X ffi 

• mm 


W : 3 N) 

5 [mTorr] 

2. o ik/m 

i nm (j&mmm x k> mm) 


• A r # 


Cr mm : 3 N) 
5 [mTorr] 
12.5 [A/#] 
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• mm 


1 0 nm (£fcMMJ: <9 3tffi) 


• ^— & v h ©WW 

• Biff 


Co 78 Cr 17 Ta 5 [at%] (#6S : 3 N) 
5 [raTorr] 

i5.o iA/m 

1 0 n m (j&JUMct 19 1¥ffi) 



(A 1 ) mfc lULtlt f*3/fl-Ha* 2 5 mm/ 89mm, J?^S0. 80m 
ra»f ^^^^t^tfcT/l-^^^A^^lKl 1 a ^COT/VS = ? A 

£"&g;|g<£>^®±fc:{3\ feotSCJ; «9 1 On m<£> (N i - P) II 1 1 b & 
Ktt^io -<E> (Ni-P) IS^*ffitt^^^]^#fe-e@^rf WS^tLfc t^tfc 

ttV^TV^V^ *0iJ-CfflV^/c (Ni-P) 111 1 b CDgE®ffi£ ftsp ^^'^/^fe^ 
R a ^ 7 AJ^T-efcofc 0 
(A 2) JtfEgfrl KCf LT, ^ilii-6^li©lu(C, i«^t3,J;WI:^/j;f 

Xt±&^(DftM$:, mmM&m& l 0- 7 Torr-£i /i5itMLfc 0 ^©fK S 
fli^LT.Mi^y^-C^ 0 0°C, 5 ^^DfMS^Tofc: (ftjMSXig) 0 

(A 4) tt&^ m^ryf-^rm F^It-. ^M4MJf/$ s 5ppm^T»A r 
3*AL^'^i±^ 1 OmTorr^ Lfct£, Mfc 1 1 t^^f L T R F 0f »1J± 
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#*JE;*J 2mTori\ IWS^OOW, ^LSHf fffl 5 fp t L fc„ 
(A 5) =£■ — K)B f^Mffl cOj5&Il!l=iE 1 s fufBWSf*^^^— ^ 

fc D iS. J5fcI8S^ 1 fi^HUt-PJ^K^^JdS 1 (r 7 Torn§?3;-C#M Ltfc <9 , fuffi 

fro '>-KIf^lfflro^-^^ biLtii, W (m.Jg : 3N) £fflV^c 0 
(A 6 ) lW^tAr LfiEII^ 1 CD#'^J±£- 5 mTorr ^ Lfc^, 

(A 7) f&m^ 1 ^b^JRTifiSf^Siffl (Df&m^ 2 IZ S mfa<omfc-fcjvtf—%& 
tbLfc,, #»J L/cis t>Sf£ 1 1 (i, ^H^V^T, 2 0 o°CtcM{£*f Lfco 
<&U /&J§I^2 fi^glt-SlJ^K^S^ 1 0" 7 Torr-£;£-e#|^L-Cfe 19 , fufSCDg 

TiifH»^-^y LTii, Cr 3N) £fflWc c 

(A8) ^SI^ 2 C7)^{-A r # * £ ^ A Lfi£!H^ 2 CO # ^ j± £ 5 raTorr t Lfcfe, 

(D^m. C r y b feisty ? £th, # - ^ y h £ W L T Mfa "T 6 fig K 

(^«LaX@^^JRT«fiS^^fife) o 

(a 9) cr/i^^^L/c^, j^n^2 frt>&m&.&mmfcmm<Dj£mg. 3 

2 0 0tldDWLfc o {I.U J&mm3 It^mKmmMQJgfr 1 Cr 7 TorrT§?;i: 
T*iMLtfc^ fufE<Z)Sf£*^-^lHJm, ^cBI^2 t^M^3 cor^f-feS 
K7^/^'(iiC/c 0 SiBH^MJIfEMO^-y 3, h t ITS, 7 8a t%C 
o, 1 7 a t %C r , 5 a t %T a ^b^S^^-^S' h (*fi£ : 3 N) 3rffl 
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(A10) J&m^. 3 W^ICA r # * £3fA Lj&Jjf ^ 3 (DjfXj£& 5 mTorr <h Lfc^, 
C o C r T a ^-^y h IttffcSl^ *b ®J± £ PP^P tT7 p 7Xv^|84 

LT^-[^-r5fiS(Cfc5 C r I#tSflJOgffi±|I, ilU&tt&JRJI 1 4 £ LTi 

(All) CoNiCriWLfcl, J&jgl^ 3 frh WL 9 ffi L^dllflfBOgfle* 

iiffiXfl (A 1 ) ~ (All) Stt^c^ A 1/Ni P/W/C r /C o 

CrTa^^/£5lMEtl* [WTTfiK^a (W) <J;P?|^i-5o ] (D^M* 

(HM2) 

LTW !S Cr 12 ^ (MS : 3N) £fflV\ ftH <7) ^ S3 HJM 1 £ P« t L T , Jffll 
fife riS A l/Ni P/WC r/Cr/CoCrTa £ & 5«£^CfE»jK# [J^TT* 
fi^a (WCr) £P»-T5 0 ] ^^ML/c: 0 «<J "Cf^$S L fz BVf 

fi, w c r p> /£ 5 Ki i fclft t fe 5 „ &7tm<Dfeizm 
(Jfc«0»J l ) 

m&fcA l/Ni P/Cr/CoCrTa ri> b ft 6 «0 J&tCfEgi;$£{£ [gtTt 

nun a m) tws 0 ] ^f^MLfc 0 
(ktmrn 2 ) 

flfero^fiUJfi^J 1 <t IrI^^ Lt, ®«$c^ A l/Ni P/W/C r / C 
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oCr Ta^b^S^IEtlf* l£XT a (W f ) iP?^-T5 0 ] 
MLfc 0 ^Ogg, W->- KgOfflSEEtt 5 nm£ Lfc 0 
(Jfctfcfll 3 ) 

HtCr (*fiST : 3N) <D & it MMM 1 t mM t L X , gtHtfc^A 

1/Ni P/Cr/Cr/CoCrTa J&» b & 5 BmiE&gSffc iSXTX'te&ft a 
(Cr) i^t5 0 ] Sr^LTto 

m2m&, mmm i <Dmfei / £m0ki t ¥iz.$o\,^x , 1 ±i:w->- ks i 2 £ 

7£j£ L/ifK Wi/- Kg 1 2 (Dtemteis— Kg 1 2 w_h^f £ v) illfiti 
(SEM) XMO Lfc^£t-e£>5„ :ro?SJ;f), Wi/-Kll 2ii, ~^tc^] 

130- 7 Ji, *^P^^#5^-^^3t^"fe^ J; 9 fSLfcl^^Mltil 
g 1 4 (TEM) -e«S0 (mm : 8 5^fff) LfcTEM 

ft^, saB&te&ss i 4 i&i-sat^^i^^fi^ifm u ^ 

^Wa (W) ] , §4 IliStroWC r Kg£i£it«{* 2 <7>fW 

a (WCr) K m 5 IHiiv-- KS^MV^^^^fr [Jfc&0!l 1 (D&Pc a (M) ] , 

m 6 mfe^wte -ikjcttcow i/- Ym*WLrtfcmvti\tmn 2 ost^a (wf)] ( 
m 7 iiiitwc r Ym*mitL&te ittmm3<Dnma (cr) ] % <ni& 

131- 7 J:^ £kT<D&&Wbfrkti:oti 0 

- vm^m^^mmit (used icjt^-c, &m&&mm*m&-fz>& ) &te&%L 
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tic 

m2mit, ±^LfcTEMift»ISill^P)*ftfc, ^Itttll 1 4 

tSlttl^B^ifWfWd [nm] , i^^^^MM a [ n m] , 

C. V. grain, £ ^ ld« * fcg^t 5 „ £fc^2^f:iti, VSMfiS 

mmmtcomt^ a m t upstage Lfc 0 



2 







m 


mm 






im 


Its 




it 




d [nm] 




a 


[nm] 




c. 


V. grain 


Hc[k0e] 


AM 


a (W) 


9 . 


8 


3 


. 2 


3 


0 


. 3 3 


1 . 


5 0 


8 . 


7 


a (WCr) 


9 . 


5 


3 


. 1 


0 


0 


. 3 3 


1 . 


4 8 


8 . 


5 


a 


1 0 . 


8 


3 


. 6 


8 


0 


. 3 4 


1 . 


5 3 


1 0 . 


7 


a (W f ) 


1 1 . 


5 


3 


. 6 


7 


0 


. 3 2 


1 . 


5 0 


1 0 . 


6 


a (Cr) 


1 0 . 


6 


3 


. 5 


1 


0 


. 3 3 


1 . 


5 5 


1 0 . 


6 
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- £ f*ftV\ {B.U ^i@5>t5:C. V. grains fe^iktf & h tLf£h\ 
©W^>— Kilt' C r Istim-k [a (WCr) ] tCfi, _hfS©(75ffi ft #S £ £ 

© — — #J7C*fccE>W^ — KS^l^ttfe^f* [a (W f ) ] "Cfi, spj^ 
fttlS d Kg<D4SV>t£3fe£Eft: [/3 (SS) ] J; <9 t^P U «J^fB^ a 

_hSE©<?5fif6jfia^<7)C r KI^Kitfcl* [a (Cr) ] T 

s f-y?® i m*%k7Lti&W. 1 1 ±l£'>& <H ^y^7fy^ft5i/- KJf 
l 2 *6Sf $K KJf 1 2±(-^MTJftill 3&u«3£B^I4&JRJi 

1 4 £JE&l#;»£^5;£}g;&JB^5 i: «t 9 , Sf£ 1 1 JzlcM^mt LTt£tf 
ttW^t)?i5^-KIl 2fi, CoIllMIll 4 <75jj$,HIE[6]t£ 

£M-rsc r ^&jrt«&js i 3 (D^ 0 B B ia[p]tt^Pfi»-r5 r , *<D±izM 

AS 1 4 (Dmm&&Jl-tZ> - i: ft < , K® 1 2 <af£$!i&#te: j;otoW 
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(mmm 3 ) : s r>m& 



3 





k ^ m 




A 1 -M g imW- 10/zm<Z)(Ni-P) 

* 0 ^ HSfl- % ] 




8 9mm, ? 4 X ? j&Vt 




T^^^^rM. Ra : 7 A^T 








10- 7 [Torr] i3£kT (&^bhmZ) 


• n -fe # 


Ar (yfP&Sfamm : 5ppra^T) 








W (MS : 3 N) 


• A r #'^J± 


5 [mTorr] 
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• mm 


2. 0 [A/#] 

o . 5 n m (j&mm££ v %m) 


• A r #.*JEE 


1 o [#] 
5 [mTorr] 
5 0 [W] 

2 0 0 [°C] 


• A r y^]±. 


Cr (MS : 3 N) 
5 [mTorr] 

i2.5 iA/m 

1 0 nm (j&KMJ: 9}ftrJ) 


• A r jf^Hi 

• mm 


Co 7fj Cr 17 Ta 5 [at%] (MS: 3N) 
5 [mTorr] 
15.0 [A/#] 

i o nm (j&mmmx v if a) 



ft*5, Jgl 6 0 fete, #W^5^-<D$git;£8;£j®JB L-CB£MlE&lftft:£f£ 

(B 1 ) 1 1 t LTtt, rt/fl^tfS 2 5mm/8 9mm, J¥£^0. 80m 

mOy* >r * ^JtfcS: LfcT^ 5 - ^ A^^Stg 1 1 a £rffll\ {;©7/K = ^ 
<£>^®_L (cite, feo^felciUff^l 0/im(?) (Ni-P) ll 1 blr 

wtrtt^o z<n (Ni-p) m<DmmtemwLfote^fex*m¥mmm£fttih(D-T:h 
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Hi^xi^f£i\ ^ixm^^tc (n i -p) mi i b tt^^^^nii^ 
(B2) Jitesf^i iKstL-c, ti^-rs^ncDtirt^ ^w^cfct^-fk^^^^ 

felu«t5 jfcfSM&S. R XM&m. ft if {' <fc 5 £ f? o fc„ 

(B3) ±fBO$tM^S^^A,fcS^ 1 1 ^^gcDttiA^icIEB^^ 
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(B9) Cri^MLfcl, J5£JBI^2 tf> k &B£t£&JR Jifts*l/B Wj&fll^ 3 
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(Bll) C o N i C ri^Lfcg, /&fli^ 3 f9 m L^Kiiif IE 
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SrftW' Iklz.*/ — Kll 2 ©iil^LX y > 7' mm&ft 

-Dfcfe, is — KS l 2 _h ^TiffiS 1 3&l*3£B£t£&JKJi l 4 *mw&fa £ * 

w^gbjura, &jRT*isjf i 3 (Dmm^mmm t L,xmm^^^mm± 
iii4 nmm&mji'rz :i*<, ks i 2 (Di«ffiaoT(7)^ 

5 ) : d s om& 

x^o^niitctT^ns^^ (it*js 9 ■■ ^Txnm = <nm%mmMfc<Dm 
ftfc\ f? 1 7!i('{i, *Miz&zm = (DM&JjW;&mm ^xm.nmmmfo%it 
*mxn, ±EisoiLt, r^s^rt^r 3 x 1 o- 9 Torr^-e?^j±ii, m.m 

U UftlXlO " 7 Torr-e 1 0 £J><D#BL 1. 5LI11X10 - 7 TorrTf- 1 5 
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3. 5 Ltt 1 X 1 0- 7 Torr-C3 5#©iI(ltSat5o 1 LlCot^ 

t, 1X1 0 " 6 Torr-C 1 ^(DmWX h 1X1 0 " 7 Torrl? 1 0 #cO#R t ^Mffi&lfe# 

r £#Jt U 1 x l 0" 7 Torr-^^RB#^ 3 5 #£^"6 r i: l:<fccti 

m^kftZ 3 . 5 L t Lfc 0 

^frftjKfi, Ig (A 6 ) t Xfl (A 7 ) (C 5 - 1 ) ~ (C 

5 - 3 ) £ii^Q Lfc,, 

(C5-D f$m^i frbmmmmmtD&mm^^ mmcomi**^?'— 

(C5-2) mm^ft^ffi%:m<Dmmtfx&mAL. 1 x 1 cr 7 Torr<7^j±#is 
m.iz$o\,^xm& i i (Dmmzmmx 3 5 s>rfl#s Lfc in 1 7 m ( c ) — ( d ) ] „ 
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HTW,,Cr ?! ^ 3N) SrfflWco 
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(^m^'J6) : SDOlft 
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mi, fro &mLfz'&h&fci i fix ^7>^i:t, 2 o o°c^*p^{*^Lyc 0 
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0»J4 £ HMf^J 3 <DWf— try h Jcftx.T, KIMffl»^-^-> b 

H-CW 28 Cr 72 ^i (fcES : 3 N) fcffl^fco 

fifc^^tfi^Jfe^J 3 £ mmt It, Sfllricrt 5 A i/Ni P/WC r /C r /C o 
CrTa/5^^5tM!BiI^ [E*T"C 7 (SDO) £P3M$i-5o ] £f£ 

(HJfe^J 7 ) : DOSI* 
Ig^^ X@D, X3MO, ISS (DMl^fffofl'&Wsiis (ft^Igl 1 tdfcfJfc : 
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^3X1 0- 9 1orr^XmJ£&, Ili/^^AL, 1X1 0 - 7 Torr<DigcJ±#BM^ 

^f$^^«, X*l ( A 4 ) t XfM (A 5 ) t <Dffi\Zlk(Dj:m. (C 7 - 1 ) ~ (C 
7-3) £iI*PLfcc 
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tLTW 2! Cr,,M m& : 3N) £ffll^fc 0 

(3 1 £ tt, mmtft&A 1 /N i P/WC r / C r / C o 

CrTa^^/^I^EW [^Ttli^y (DOS) t^»t5 0 ] £f|s 

(H»J 8 ) : D O S Dg£# 

HJfcM 1 w ^ f| MIS ^ t Jtt 5 IS D t IMS t ©111:, 
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t^^^,«?eic#5^r B wiis^\ isd, igo, iss, i§ 

^3X1 Cr 9 Torr£-eMj±iK ilif^^lAL, 1 X 1 0 _T Torr(DMi±#fflM^ 
*3V>TS4£^SSr®fSI'Tf 3 5 trailtS^l^ft (t*iSi3. 5L©M1 

J %m^ti 0 

MrfctfJ^n, IS (A 4) ilfM (A 5) (C 8- 1) ~ (C 

8 - 3 ) ttblz, IS (A6) i If! (A7) i OKC^^IS (C 

8-4) ~ (C8-6) £i!JPL/c 0 
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(C8-3) ^^^^^agA^rffih ^S^PJjgj^Jt^ 1 0 " 9 Torr^ ^ T 

(C8-4) '>-KSl 2*^tfcMtl^?)3:3'f y/irtl^ Mffi^S 

(C8-5) ^-y^V^I*]^ ^Sf*#J«Sri s 5ppmj^T<£>A r #;*£a|AL# 
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m-r z> m& v> # is t ©is; m m ® <t & ^ -c ^ l tz 0 

£3X1 0" 9 Torr^-C^i±^, II^^IAL, 1X1 (T 7 Torr<Dg<j£#[SfU;: 
*5V^-Cgtg^®£:i£3H-C 3 5 #f B 1ilt5»# (»#»* 3 . 5L©il 
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9-4) ~ (C9-8) SriiABLfCo 

(C9-D ^ s^:^^a>bifess*«ji!<£>#!f3i^i', mm<Dmt$*^?—%& 
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(C9-2) %}>M&[*l^BrfeM<DWt&tfX A L, 1 X 1 0" 7 Torr©iEf 1 
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(C9-3) B&5&#;*<£>3lA£:#.lh L, #M^<Z)?iJjiK£Jt£: 1 0~ 9 Torri?£-e 

/c 0 

(C9-4) KJf 1 2 £712 J* Lfc^cHI^ 1 v ^^^^.^\^, ftufe<DS 
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(C9-8) Wt^tfX<D*f.A&&± U *3iIiroilISfi4: 1 0 ~ 9 TorrT=? 3; 

fcfcfU ±Eiig^t(i^- Kl t LTWC r I^ffl^fc 0 -r mm 

HTW 2 ,Cr ?2 ^ mm: 3N) £Jl^fc 0 

4&<D&l-ZMMW 1 £ LT\ SffifJ^^S A 1/Ni P/WC r /C r /C o 
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